Understanding the social structures between objects, organizing, and selecting them accordingly, is fundamental to social cognition. We report an example that demonstrates the object association learned from social interactions could impact visual attention. Particularly, when two hands approach each other to perform a handshake, they tend to be attended to as a unit because of the cooperative relationship exhibited in the action: even a cue presented on a non-target hand may facilitate a response to the targets that appear on the non-cued hand (Experiment 1), indicating that attentional shift between two hands was facilitated; furthermore, the response to a target on one hand is significantly impaired by a distractor on the other hand (Experiment 2), implying that it is difficult to selectively confine attention to a single hand. These effects were dependent on the existence of the hands when cue and target appeared (Experiment 3); neither perceptual familiarity, or physical fit can explain all the attention effects (Experiment 4). These results have bearings on the perceptual root of social cognition.
INTRODUCTION
Social relation between objects (or agency) has significant meanings for mankind. People's interactions assign social properties to the structure of agents; for example, people who help each other have cooperative relationships. Understanding social structure and organizing agents accordingly is important in daily life, because we frequently need to pool individuals who cooperate with each other into groups and distinguish allies from opponents. Since social relationship defines the social units we process during social cognition, the mental system should organize and select information according to social relationship at some early stage of processing, before high-level social cognition. The human visual system is equipped with remarkably efficient computation modules to extract social properties from low-level visual features, including the impression of animacy, others' goals and intentions (Heider and Simmel, 1944; Dittrich and Lea, 1994; Scholl and Tremoulet, 2000; Schlottmann et al., 2006; Gao et al., 2009 Gao et al., , 2010 . And those perceived social information is able to affect lower-level perceptual processing. For example, our previous research demonstrated that social cues affect the causal perception of physical events (Zhou et al., 2012) , and social relationship shapes the visual organization of objects that dynamically interact with each other (Yin et al., 2013) . Thus, noting that social structure is important for humans to organize the observed word, we speculated that social information may modulate attention in enabling the social-based deployment of processing resource.
Despite the importance of social structures, the traditional research about attention majorly focused on physical structures, which are defined by physical relationships between objects, such as proximity, symmetry, and continuity. According to those structures, the visual system group the visual elements into processing units at different levels, such as figure-ground segregation, object forming, and perceptual grouping (Wertheimer, 1923; Marr, 1982; Treisman, 1986; Scholl, 2001; Palmer, 2003) , based on some fundamental perceptual principles, such as Gestalt laws (Sternberg, 2003) . It enables us to see a well-structured visual world rather than discrete visual elements. Attention deployment is guided by such physical structures; a great example is the wellstudied "same-object advantage" effect (Duncan and Duncan, 1984; Kahneman et al., 1992; Egly et al., 1994; Moore et al., 1998; Flombaum and Scholl, 2006) , which shows that attention automatically spreads within an object defined by real or illusory contours. In addition to objects, a similar effect was suggested to occur for perceptual groups (Driver et al., 2001; Scholl, 2001) . That is, attention automatically spreads within a group, and it is difficult to attend to a single object in a group without also selecting the other objects.
Indeed, recent studies revealed that social information also has a profound impact on attention deployment. Joint attention (Frischen et al., 2007) is probably the best example of that: participants' performance on an object detection task was facilitated when a preceding face cue gazed toward the location of the target. This gaze cueing effect occurs rapidly with very brief presentation of gaze cues (Friesen and Kingstone, 1998) , and occurs such that the gaze cue does not necessarily predict the direction of, or even predicts the direction opposite to, the target location (Driver et al., 1999; Friesen et al., 2004) . Moreover, the gaze-following attention shift may occur without the awareness of the presentation of gaze cues (Sato et al., 2007) . These findings suggest that the visual system automatically aligns attention with that of others based on the received social information-other's gaze direction, which signals their locus of attention.
The gaze cueing effect demonstrates that attention deployment is modulated by the social relationship defined by the interaction between other people and objects. In addition to gaze, other body parts that are involved in social interaction, such as hands, also affect attention. For instance, attention prioritizes stimuli in near-hand space (Reed et al., 2006) , and the attentional system treat the surface of one's own hands differently from other surface, therefore shifting attention from hands to other surface (including other hands) is costly (Taylor and Witt, 2014; Taylor et al., 2015) . These hand-based effects on attention, together with the visuomotor priming caused by hands (e.g., Bruzzo et al., 2008; Liuzza et al., 2012) , facilitate manual action and help people understand the relationships in social interactions. Our previous research also showed that social interaction between objects (or agents) affects attention deployment (Yin et al., 2013) . In this study, a chasing motion including two predators and one prey was presented to participants. In the condition that predators cooperated to chase the prey, the predators were perceived as a group, such that the exogenous attentional cue appearing on one of the two predators could facilitate the response to the target presented on the other (uncued) predator. This automatic attention spreading did not occur when the predators acted in a competitive manner to chase the prey suggesting that the social relationship (cooperative/competitive relationship in this case) obtained from the dynamic motion display can guide our attention deployment.
Based on those findings, the current study aimed to generalize the social-based attention effect to socially related objects acquired from social learning. Baron-Cohen (1995) suggested that the behavior of joint attention is performed by an innate module attuned to the visual appearance of the eyes. Furthermore, the ability to perceive causality and animacy (the foundation of detecting cooperative/competitive chasing) from motion display is considered to be innate (see Scholl and Tremoulet, 2000 for a review). Thus, socialbased attention effects may occur on only stimuli that are processed by innate domain-specific modules that developed through evolution to adapt to social life. However, neither this hypothesis nor its alternative hypotheses have been directly examined; thus, it is still unclear exactly what type of social information is able to modulate attention deployment. Here, we tested whether such effects occur on learned socially related objects, in order to add a new type of social-based attention deployment to the known body of knowledge of attention.
The current study used a handshake scene, in which two hands approach each other to perform a handshake, to examine the attention effect induced by socially related objects (i.e., the two hands). The handshake scene was selected because of the following considerations: (1) the handshake is a greeting gesture learned in social interaction, not an innate behavior; not even a universal behavior. (2) Handshakes symbolize friendship, agreement, congratulatory sentiments, and hence provide social information about cooperative relationship between individuals. Thus, the hands involved in the handshake scenes may be treated as a social unit, leading to modulation on attention deployment. (3) Handshakes are so common in daily social interactions that people have learned the association of the two hands going to perform a handshake; thus, the social meaning is easily understood and more likely to instantly impact attention deployment. Compared to physical cues, information about the social relationship of objects are not usually obvious or instantly available; thus, if the social structure of scenes impact attention, it would most likely occur in visual scenes in which the social relationship of objects has been well learned in our daily life. (4) The motion involved in handshakes is relatively simple; thus, handshakes can be manipulated and controlled in laboratory settings.
If the socially related objects (i.e., the two hands) were treated as a unit during attentional processes, similar to perceptual units defined by physical cues, then we could hypothesize that (1) when attention is cued to one hand, the response to a target presented on the other hand would be quicker because the attentional shift from the cued hand to the other is facilitated; and (2) a distractor presented on one hand would significantly interfere with a target presented on the other hand because it would be difficult to selectively confine attention to just one hand. These two hypotheses were tested in the following experiments.
EXPERIMENT 1
Experiment 1 explored whether two hands that are approaching to perform a handshake would facilitate attentional shift between two hands. This social-based attention effect was examined using a cueing task similar to that used by Moore et al. (1998) . In this task, participants are presented with a display where two hands (one showing its palm and the other showing its back) are approaching each other, creating the impression that they will perform a handshake. Subsequently, the hands return to their initial positions, and a target randomly appears on one hand. Before the target appears, one of the hands is cued by the onset of a white square. In most trials, the cue appears on the same hand as that where the target will be presented (valid trials); in the remaining trials, the cue appears on the other hand (invalid trials). Typically, the response to the target is faster when the cue is valid than when it is invalid. However, if the two hands are treated as an attentional unit bound by their social relationship, then attentional shift between the cued hand to the non-cued hand, decreasing the RT difference between the valid and invalid trials. Consequently, the cueing effect should be weakened when the hands are approaching to perform a handshake. Three control conditions were designed as follows: the both-back condition, in which the backs of both of the hands were shown; the both-palm condition, in which the palms of both hands were shown; and the reversed-hand condition, in which a palm and the back of a hand were presented, as in the handshake condition, except that one of the hands was shown upside-down. In all three of the control conditions, it was impossible to create the impression of a handshake.
Methods

Participants
Students from Zhejiang University aged between 18 and 26 years (∼21 on average) were recruited to participate in this and following experiments. All were right-handed, had normal or corrected-to-normal vision and were naïve about the purpose of the experiments. The participants received financial rewards after completing the experiment. The experimental protocol was approved by the Institutional Review Board at the Department of Psychology and Behavioral Sciences, Zhejiang University; participants gave written informed consent prior to their participation.
Twenty naïve students (11 men and 9 women) participated in Experiment 1. To ensure adequate power, the sample size was determined by a power analysis based on predicted effect size using G * power 3 (Faul et al., 2007 (Faul et al., , 2009 . Based on the results of our pilot studies, we predicted a medium effect size (f 2 = 0.15, according to Cohen, 1988) for our experimental design. With the alpha level set at 0.01, the suggested sample size was approximately 20 individuals. The sample sizes of the following experiments were determined by the same rule.
Design and Procedure
The participants were tested individually in a darkened room while seated approximately 60 cm from the screen. All displays were presented on a gray background on a Samsung 19 CRT monitor, which subtended approximately 28.3 • in visual angle.
Each trial began with a separate presentation of two hands; these presentations were separated by a white fixation cross (0.5 • × 0.5 • ). The fixation was presented at the center of the screen; the visual angle between the fixation and each fingertip was 2 • . The appearance of the two hands was in accordance with one of the four hand-approaching display types shown in Figure 1A . After being stationary for 100 ms, the hands began to approach each other until the images overlapped by 0.7 • . Following this display, the overlapped hands vanished and immediately reappeared at their initial locations. After an interval of 400 ms, a cue (a 1.2 • × 1.2 • white square) was presented at the center of one hand for 100 ms. Following a variable interstimulus interval (ISI; 150-250 ms), a target and a distractor appeared on the two hands. The target was a T or an L, whereas the distractor was one of three T-L hybrid characters, which were identical to those used by Moore et al. (1998) . These characters subtended 0.73 • × 0.73 • each and were randomly oriented at one of four orientations (0, 90, 180, or 270 • ). The participants were asked to report whether the target was a T or an L as quickly as possible by pressing the right or left buttons on a standard keyboard. They were explicitly informed that the displays of hand movement were irrelevant to the task and could, therefore, be ignored. The target and distractor remained visible until a response was made. The next trial began after a 1.5-2.5-s intertrial interval. If no response was made within 2 s, the next trial began immediately.
Each participant completed 360 trials (90 trials in each of the 4 hand-approaching display conditions). In two-thirds of the trials (i.e., 60 trials in each condition), the cue and target appeared on the same hand; these trials were valid trials. In the remaining onethird of the trials, the cue and target appeared on different hands; these trials were invalid trials. All of the trials were presented in random order.
Results and Discussion
The mean RTs for correct responses in the four conditions are shown in Figure 2A . The RT data were submitted to a 2 (validity) × 4 (hand-approaching display) repeatedmeasures ANOVA. The main effect of validity was significant, F(1,19) = 95.80, p < 0.001, η 2 p = 0.83, but that of handapproaching display was not significant, F(3,57) = 1.84, p > 0.05, η 2 p = 0.09. The interaction between validity and approach display was significant, F(3,57) = 3.86, p < 0.05, η 2 p = 0.17, indicating that the cueing effect varied across the hand-approaching display conditions. Figure 2B shows the mean RT differences between the valid and invalid trials, which reflect the facilitation induced by the attention cue. A post hoc LSD test revealed that the mean RT difference in the handshake condition was significantly smaller than that in the control conditions (handshake vs. bothback, p < 0.01; handshake vs. both-palm, p < 0.05; handshake vs. reversed-hand, p < 0.001). Thus, the cueing effect was weakened in the handshake condition, compared to each of the three different control conditions. As shown in Figure 2 , this weakened cueing effect stemmed from both the faster responses in the invalid trials (handshake vs. both-back, p < 0.05; handshake vs. (1) the palm of one hand and the back of the other were displayed such that they were prepared for a handshake (the handshake condition); (2) the backs of both hands were displayed (the both-back condition); (3) the palms of both hands were displayed (the both-palm condition); and (4) the palm of one hand and the back of the other were displayed, but one of the hands was upside-down (the reversed-hand condition). The beginning and the end of the hand-approaching display were showed at the right. In Experiment 1, the task was to report whether a T or an L was presented on one of the hands; the cue was valid or invalid (here, the invalid condition is shown). In Experiment 2, the task was to report whether an N or an X appeared on the hand indicated by the arrow; the character presented on the other hand was compatible or incompatible with the target (here, the compatible condition is shown). both-palm, p < 0.05; handshake vs. reversed-hand, p < 0.01) and the slower responses in the valid trials (relatively weak, but there was a trend toward significance, handshake vs. both-back, p = 0.06; handshake vs. both-palm, p = 0.06; handshake vs. reversed-hand, p = 0.10) compared to the control conditions.
The same ANOVA was conducted for the accuracy data, revealing significant main effect of validity, F(1,19) = 20.31, p < 0.001, η 2 p = 0.52. It suggested that the responses were more accurate on valid than invalid trials (97% vs. 95%). No other effect reached statistical significance, Fs < 2.25, p > 0.12. Thus there was no speed-accuracy tradeoff.
The faster responses in the invalid trials indicated that attentional shift from the cued hand to the other hand was facilitated. Therefore, the processing of targets that appeared on the uncued hand was speeded. Meanwhile, the attentional resources allocated to the cued hand were diluted, leading to the slower processing of targets that appeared on the cued hand. The hypothesis that two hands approaching to perform a handshake would be treated as an attentional unit-and, hence, that the cueing effect would be weakened-was supported by the results of Experiment 1.
EXPERIMENT 2
Experiment 2 employed an interference task to investigate whether the handshake display would increase the interference between the two hands. In this task, an arrow is presented in the center of the screen to indicate the hand on which the target will be presented (here, the rate of cue validity was 100%). Then, a target appeared on the cued hand and a distractor concurrently appears on the other hand. The distractor may be the same character as the target (compatible trials) or a different character (incompatible trials). Typically, participants' responses to the target are more rapid in compatible than in incompatible trials; this RT difference reflects the interference effect. Much like in Experiment 1, we manipulated the hand-approaching display conditions. We posited that if the two hands were treated as an attentional unit when they seemed poised to perform a handshake, then participants would be unable to selectively confine their attention to a single hand without attending to the other. We thus expected the incompatible distractor to produce greater interference compared to the control conditions, in which the hands were not socially related.
Methods
Twenty naïve Zhejiang University students (9 men and 11 women) participated and received financial rewards. None of them had participated in Experiment 1.
The hand-approaching displays were identical to those in Experiment 1 (see Figure 1) . Following the display, an arrow that pointed to the right or left was presented above the fixation. With an ISI of 150-250 ms, a target appeared on the hand where the arrow was pointing, and a distractor was presented on the other hand. The target and the distractor were either an N or an X. In half of the trials, the target and distractor were compatible (i.e., both N or both X); in the remaining half of the trials, the target and distractor were incompatible. The participants' task was to report whether the target was an N or an X as quickly as possible by pressing the left or right buttons, respectively. The target and distractor remained on the screen until a response was made. A 2 (compatibility: compatible, incompatible) × 4 (hand-approaching display) within-subjects design was used. Each participant completed 560 total trials, with 70 trials in each condition. The trials were presented at random.
Results and Discussion
A 2 (compatibility) × 4 (hand-approaching display) repeatedmeasures ANOVA indicated a significant main effect of compatibility, F(1,19) = 21.43, p < 0.001, η 2 p = 0.53, but no main effect of hand-approaching display, F(3,57) = 1.15, p > 0.05, η 2 p = 0.06. The interaction between these two variables was significant, F(3,57) = 6.94, p < 0.01, η 2 p = 0.27, indicating that the interference effect varied across hand-approaching display conditions. To compare the interference effect across the four hand-approaching displays, we submitted the mean RT difference between the compatible and incompatible trials to a single factor (hand-approaching display) repeated-measures ANOVA with post hoc LSD test. The results revealed a significant main effect, F(3,57) = 6.89, p < 0.01, η 2 p = 0.27, and the interference effect was significantly larger in the handshake condition than in the control conditions, ps < 0.05. As shown in Figure 3 , faster RT in the compatible trials [handshake vs. both-back, p < 0.05; handshake vs. both-palm, p = 0.18 (not significant between these two conditions); handshake vs. reversed-hand, p < 0.01] jointly contributed with slower RT in the incompatible trials (for all paired comparisons, p < 0.05) to the largest interference effect in the handshake condition.
The same ANOVA was conducted for the accuracy data. No effect was significant, Fs < 2.59, p > 0.12, suggesting no speedaccuracy tradeoff.
This result implied that the distractor shared attentional resources with the target, leading to a facilitation of responses with a compatible distractor and a delayed response with an incompatible distractor.
EXPERIMENT 3
Experiment 3 was conducted to examine what would happen when hands were not presented after the hand-approaching display. Our hypothesis to be tested was that social information modulates the attention deployment on the related objects, if it was true, then the effect should be specific to the two handsnothing would happen if the hands disappeared, because the objects to be attend to went away in this case. Otherwise, if the hand-approaching display induced a general attention effect, such as increasing the breadth of attention or facilitating the attentional shift between all objects, and the effect lasted for a certain time to affect the subsequent task, it would still occur when hands were removed after the approaching action. Because the displays in the previous experiments all contained two hands, it was difficult to distinguish whether the observed results occurred due to a general effect affecting all objects. In Experiment 3, both the hands were removed after the hand-approaching display, and the targets and distractors were presented directly onto the background, to test whether the effects found in Experiments 1 and 2 were dependent on the image of the hands.
Methods
This experiment involved two sub-experiments. One subexperiment used the cueing task that served as the control situation in Experiment 1; the other used the interference task that served as the control of Experiment 2. Each of the subexperiments included 20 participants (10 men and 10 women in each sub-experiment).
The sub-experiment with the cueing task was similar to Experiment 1; however, we added a condition in which the hands disappeared prior to target onset. While the procedure was identical to Experiment 1 in the hands-present condition, the hands disappeared following the cue offset in the handsdisappear condition. Because adding the hands-disappear condition doubled the length of the experiment, we removed the both-back condition and the both-palm condition, which were not significantly different from the reversed-hand condition in the previous experiments. Such changes allowed us to maintain an appropriate experimental duration. This sub-experiment employed a 2 (hands status: hands-present, hands-disappear) × 2 (hand-approaching display: handshake, reversed-hand) × 2 (validity: valid, invalid) within-subjects design. The total number of trials, presented in a random order, was 360.
Similarly, the sub-experiment with the interference task had an additional hands-disappear condition, in which the hands disappeared after the cue offset. Again, we removed the both-back condition and the both-palm condition. Thus, this sub-experiment used a 2 (hands status: hands-present, hands-disappear) × 2 (hand-approaching display: handshake, reversed-hand) × 2 (compatibility: compatible, incompatible) within-subjects design. Each participant completed 240 trials (30 in each condition).
Results and Discussion
Cueing Task Figure 4A shows the mean RTs for correct trials in the four conditions of the cueing task. To examine the socialinformation-induced attention effect in different hands status (hands-present/hands-disappear), we ran a 2 (hands status) × 2 (hand-approaching display) × 2 (validity) repeated-measures ANOVA for the mean RTs in correct trials. The result showed significant main effects of hand-approaching display, F(1,19) = 9.14, p < 0.01, η 2 p = 0.33, and validity, F(1,19) = 42.81, p < 0.001, η 2 p = 0.69. The interaction between hands status and validity was significant, F(1,19) = 8.03, p < 0.05, η 2 p = 0.30. And the interaction between hand-approaching display and validity was significant, F(1,19) = 5.28, p < 0.05, η 2 p = 0.22. Other effects were failed to reach significance, Fs < 1.33, ps > 0.26, including the 3-way interaction, although when hands were present the mean RT difference between valid and invalid trials was smaller in the handshake condition than in the reversedhand condition (see Figure 4B) , t(19) = 3.37, p < 0.01, which replicating the result of Experiment 1; while this difference was not significant when hands were removed, t(19) = 0.86, p = 0.40. The insignificant 3-way interaction was probably because that the differential RTs were in the same direction for the hands-present and hands-disappear conditions: the handshake display led to smaller cueing effect than the reversed-hand display, in both the hands-present and hands-disappear conditions, although the difference of the cueing effect between handshake and reversedhand conditions was numerically larger when hands were present (19 ms vs. 8 ms).
The accuracy data were submitted to the same ANOVA. The only significant effect was validity, F(1,19) = 10.34, p < 0.01, η 2 p = 0.35, indicating that the accuracy was higher when cue was valid than invalid (97% vs. 94%). The interaction between hands status and validity was marginally significant, F(1,19) = 3.53, p = 0.08, η 2 p = 0.16. Other effects were not significant, Fs < 2.76, ps > 0.11.
Based on the insignificant 3-way interaction of the RT data, it was not able to make a conclusive answer to the question whether the attention effects induced by handshake display dependent on the image of the hands. One possible explanation for that is the handshake display might produce a general effect that facilitating the attention shifts between all objects (probably very weak), which contributed to the effects found in Experiments 1 and 2; but it cannot completely explain the results, since the effect in the hands-disappear conditions is smaller than that in the handspresent condition. Thus, the whole picture would be clearer in combination of the interference effect. Figure 4C shows the mean RTs for correct trials in the four conditions of the interference task. For the interference task, the 2 (hands status) × 2 (hand-approaching display) × 2 (compatibility) repeated-measures ANOVA revealed significant main effect of compatibility, F(1,19) = 7.57, p < 0.05, η 2 p = 0.29.
Interference Task
FIGURE 4 | Results of Experiment 3. (A) and (B) respectively, depict the mean RT and RT difference between the invalid and valid trials for the cueing task.
(C) and (D) respectively, depict the mean RT and RT difference between the compatible and incompatible trials for the interference task. Error bars indicate standard errors. Mean accuracy rates for every condition was shown above the corresponding bars.
The other two main effects were not significant, Fs < 0.37, ps > 0.55. All the 2-way interactions were significant: hands status × hand-approaching display, F(1,19) = 7.44, p < 0.05, η 2 p = 0.28; hands status × compatibility, F(1,19) = 4.90, p < 0.05, η 2 p = 0.21; hand-approaching display × compatibility, F(1,19) = 10.55, p < 9.01, η 2 p = 0.36. The 3-way interaction was significant, F(1,19) = 6.17, p < 0.05, η 2 p = 0.25, indicating that hands status and hand-approaching display interact together to impact the interference effect. As shown in Figure 4D , when the hands were present, the interference effect in the handshake condition was significantly larger than that in the reversed-hand condition, t(19) = 4.11, p < 0.001; while this difference is not significant when hands were removed, t(19) = 0.03, p = 0.97. The ANOVA for accuracy data found no significant effect, Fs < 2.24, ps > 0.15. These results suggested that the handshake display increased the interference effect only when the hands were present.
Thus, the result of this sub-experiment clearly showed that the interference effect induced by the handshake display vanished when hands were removed. The result of the cueing task was consistent, as the weakened cueing effect induced by the handshake display did fade away in the hands-disappear condition, although the interaction failed to reach statistical significance. Combining the results from both sub-experiments, this experiment showed that the effect is transient and dependent on the existence of the two hands, providing further evidence to support our hypothesis that the handshake display modulated the attention deployment on the hands.
EXPERIMENT 4
Before conclusions can be drawn, other alternative accounts must be excluded. In addition to its social meaning, the handshake display used in Experiments 1 and 2 is significantly different from the control conditions in two aspects. The first difference is related to perceptual familiarity. People frequently view handshakes but rarely view the scenes depicted in the control conditions; because two hands approaching each other are typically perceived as a grouped entity in an everyday handshake, the display of two approaching hands may activate the representation of two hands holding together. If this account is accurate, then it is probable that social information is not the key factor in determining the attention effect; rather, it is prior experience (i.e., the learned association between objects, also including learned social relationships) that leads to attending to both of the displayed hands, thus not only socially related objects but all kinds of objects that have learned object associations would produce similar attention effects. The second difference is physical fit. That is, the hands in the handshake condition could lock on to each other but the hands in the both-back and both-palm conditions could not. Although the hands in the reversed-hand condition are capable of grasping each other, this act is not as easy to see as in the handshake condition. Thus, the attention effect might be attributed to the physical fit between the two hands rather than social implications.
To test whether mere perceptual familiarity or physical fit result in the attention effects, we introduced a hand-cup condition and a plug-socket condition in addition to the handshake and reversed-hand conditions. In the hand-cup condition, one of the two hands in the handshake condition was replaced by a cup, which appeared as if it was going to be caught by the hand. In the plug-socket condition, the hands were replaced by a plug and a matching socket, creating the impression that the plug will be plugged into the socket. Both scenes are generally familiar to participants, and the object associations in these scenes are well learned. For the student participants in the present study, the two new scenes may have been even more familiar than the handshake scene. Participants drank from cups several times each day, and plugged in laptops or cell phones frequently. By contrast, these young students were less likely to view handshake scenes on a daily basis. Moreover, the objects (hand and cup, plug and socket) that appeared in each scene were a clear fit with each other.
Hence, according to the perceptual familiarity and physical fit account, we should observe similar attention effects in these two conditions, because the objects are familiar and fit together well. However, compared to the handshake scene that exhibits a clear social relationship between two men, the hand-cup scene is a much less social situation because it shows an active behavior toward a passive object; and the plug-socket scene shows a nonsocial relationship, which is determined by their shapes that are physically fit with each other. Thus, if social relationship is the key factor to modulate the deployment of attention, the handshake condition should lead to different results from the other two conditions.
Method
Again, Experiment 4 involved two sub-experiments with separate cueing and interference tasks. Twenty naïve Zhejiang University students (9 men and 11 women) participated in the cueing version and another 20 students (11 men and 9 women) participated in the interference version.
The procedure of the cueing and interference task was similar to that of Experiments 1 and 2, respectively, except that the both-back and both-palm conditions were replaced by the hand-cup and plug-socket condition. The cup, plug, and socket had the same width as the hand, and their approaching display adopted the same moving pattern: the hand and cup (or, the plug and socket) moved to approach each other until the images overlapped by 0.7 • . In the cueing task, a cue was presented at one of the objects (which could be a hand, cup, plug, or socket, depending on the condition), followed by a target and a distractor appeared on the two objects. Again, participants performed a "T-or-L" task as quickly as possible. All the parameters (color, shape, size, and duration, etc.) of the cue and target were identical to those of Experiment 1. In the interference task, a central cue (the same arrow as Experiment 2) was presented after the approaching display. Following the cue, a target appeared on the cued object, and a distractor appeared on the uncued object. The same "N-or-X" task was performed. All other experimental details of the interference task were identical to those of Experiments 2.
The cueing task sub-experiment employed a 2 (validity) × 4 (hand-approaching display: handshake, hand-cup, plug-socket, and reversed hand) within-subjects design, with 90 trials (in which 60 trials were cue-valid, and 30 trials were cue-invalid) in each of the 4 hand-approaching display conditions, resulting in 360 trials in total. The interference task sub-experiment employed a 2 (compatibility) × 4 (hand-approaching display) within-subjects design, with 70 trials in each combined condition, resulting in 560 total trials in total. All of the trials were presented in random order.
Results and Discussion
Cueing Task
Figure 5 (left) shows the mean RTs for correct responses in the cueing task. A 2 (validity) × 4 (hand-approaching display) repeated-measures ANOVA revealed significant main effects of validity, F(3,57) = 105.39, p < 0.001, η 2 p = 0.85, and hand-approaching display, F(3,57) = 3.99, p < 0.05, η 2 p = 0.17, indicating that RT varied with cue validity and display type. However, the interactive effect failed to reach statistical significance, F(3,57) = 2.49, p = 0.09, η 2 p = 0.12, suggesting that the cueing effect did not vary much across the hand-approaching display conditions. The cueing effect, namely the mean RT difference between valid and invalid trials, for the handshake condition (115 ms) was smaller but not significantly so compared to the reverse-hand condition (139 ms), t(19) = 1.63, p = 0.12. It was also not significantly different from that of the hand-cup (121 ms) and plug-socket (108 ms) display.
The same ANOVA was conducted for the accuracy data, revealing significant main effect of validity, F(1,19) = 15.06, p < 0.001, η 2 p = 0.44. It suggested that the responses were more accurate on valid than invalid trials (97% vs. 94%). No other effect reached statistical significance, Fs < 1.54, p > 0.22.
Thus, compared to the control conditions, the handshake condition showed nothing special in modulating the cueing effect, because the cueing effect failed to be significantly smaller than the control conditions. That was not the expected result, so we returned to the result of Experiment 1. After comparing the data from the two Experiments, we found that the cueing effect for the reverse-hand condition remained unchanged (140 ms in Experiment 1 and 139 ms in Experiment 4), although the overall RT decreased; on the other hand, the cueing effect for the handshake condition increased slightly (from 104 ms in Experiment 1 to 115 ms in Experiment 4). As for the hand-cup and plug-socket condition, the cueing effect was low. Thus, we speculated that the familiar non-socially paired objects are also able to facilitate attentional shift between the related objects, and that this facilitative effect is not exclusively for socially related objects. Moreover, since the cueing effect is sensitive to variable factors, such as cue validity, perceptual load, and the subjective organization of stimuli (Chen, 1998; He et al., 2004; Ho and Atchley, 2009), the facilitated attentional shift is likely to be attenuated when other frequently paired objects are presented at the same time. Specifically, when there were three different kinds of paired objects in the same experiment, making most of the trials included related objects, the attentional system might switch to an "easy-shift" mode in those trials while treat the only different condition -the reversed-hand condition in a special way. In this case, the handshake condition is treated equally with the hand-cup and plug-socket conditions, therefore diluting the effect induced by the handshake scene, compared to Experiment 1. That is a possible explanation for this experiment failing to obtain a significant smaller cueing effect in the handshake condition than in the reversed-hand condition.
Interference Task
Figure 5 (right) shows the mean RTs for correct responses in the interference task. A 2 (compatibility) × 4 (hand-approaching display) repeated-measures ANOVA revealed a significant main effect of compatibility, F(1,19) = 29.60, p < 0.001, η 2 p = 0.61. The main effect of hand-approaching display was also significant, F(3,57) = 5.75, p < 0.01, η 2 p = 0.23, suggesting that RTs varied with the "background" of the target (i.e., responses were slowest with the plug-socket background). The interaction was significant, F(3,57) = 18.44, p < 0.001, η 2 p = 0.49, indicating that the interference effect varied across hand-approaching display conditions. The mean RT difference between the compatible and incompatible trials was significant in only the handshake condition, t(19) = 8.95, p < 0.001. In all control conditions, the mean RTs were not significantly different between the compatible and incompatible trials, ps > 0.12.
The same ANOVA was conducted for the accuracy data, revealing significant main effect of hand-approaching display, F(3,17) = 4.00, p < 0.05, η 2 p = 0.41. It suggested that the accuracy varied with the background of the target and distractor. No other effect reached statistical significance, Fs < 1.03, p > 0.32.
Thus, the handshake display showed its specificity in the interference task because of the significant interference effect. The possible reasons for the divergent results of the cueing and interference task are discussed in the General Discussion. Our results indicate that not all learned object associations lead to the attention effects induced by the handshake display; therefore, there must be something inherent in the handshake scene such that the attentional system treats the two hands as an inseparable unit. The key factor, we speculated, is likely to be the social information contained in it.
GENERAL DISCUSSION
This study demonstrates that, when two hands approach each other, seemingly to perform a handshake, the response to the target presented on one hand facilitated the attentional cue presented on the non-target hand (Experiment 1), and responses to a target on one hand was significantly impaired by a distractor on the other hand (Experiment 2). We confirmed that these effects were dependent on the existence of the hands, thus were due to modulating of the deployment of attention on the hands (Experiment 3). The findings were also not explained merely by perceptual familiarity or physical fit, because other paired objects that are common in daily life did not show the same effects (Experiment 4).
The Social Nature of Attention Deployment
The handshake display contains several visual features and pieces of semantic information; hence, one might argue that the observed attention effects may not be the result of social factors. We posit, however, that the attention effects observed in the current experiments is associated with social factors for three reasons. First, similarity is not the cause of the attention effects. In the both-hand and both-palm conditions, the two hands displayed more similarities than those displayed in the handshake condition; yet, there was no such effect in the former two conditions. Second, the attention effects cannot be attributed to the impending action implied by the display, because all of the control conditions involved approach actions. Third, merely watching other peoples' hands that are not socially related cannot lead to the attention effects. Taylor et al. (2015) showed that the attention shift across others' hands is nothing special, but just like any other surface. Thus, in the current study, the social information brought by the handshake action should be the key factor to cause the attention effects. Fourth, mere perceptual familiarity and physical fit do not lead to exactly the same effects. Experiment 4 demonstrated that other familiar paired objects (such as hand and cup or plug and socket, which lock onto each other in a similar manner to hands) did not show the same pattern in modulating attention deployment-that is, the learned object associations facilitated the attentional shift from the cued object to the other, but the interference effect occurred only between the hands approaching to perform handshake. Thus, these results could not be solely explained by learned object associations; rather, the social information conveyed by the handshake action is likely to play an important role.
Based on the above reasons, we argue that the social relationship exhibited by the handshake scene leads to the attention effects observed in both the cueing and interference tasks, although we do not exclude the possibility that such prelearned associations is needed for social information to induce such effects. Further studies are thus required to examine whether a novel social relationship between objects would lead to the same results. Humans can make high-level cognitive inferences about the relationships between objects, intentionally regard them as a unit, and redeploy attention accordingly. Does the attention effect in mutual approaching hands, therefore, result from highlevel cognitive inferences? We argue that it in fact occurs at a perceptual level. First, if the experimental manipulation were transparent to participants, then they might have intentionally employed strategies to modulate their responses. However, the hand-approaching display manipulation, and the task in the current experiments-to report the identity of the target-were ostensibly unrelated to the purpose of our experiments, which was to investigate how socially related objects modulate attention deployment. Thus, it was unlikely that the participants intended to respond according to experimenter expectations. Second, post-experiment interviews confirmed that participants failed to discern the actual purpose of the study. Indeed, the majority of participants believed that the hand-approaching display was employed to distract them and attempted to ignore it as a result. Thus, the effect occurred involuntarily, providing evidence that socially related objects do not affect attention deployment via higher-level cognitive processes.
The Interaction between Social Processing and Attention Deployment
Converging with research in the gaze cueing effect (Frischen et al., 2007) and the attentional consequences induced by social interaction (Yin et al., 2013) , the current findings provide further evidence that our visual system deploy attention according to social information. Such social-based attention deployment is probably achieved through the interaction between social and perceptual processes. Previous studies (Beck and Palmer, 2002; Kimchi and Hadad, 2002) have demonstrated that perceptual organization interacts with higherlevel processes rather than working in a purely stimulusdriven, bottom-up fashion (Neisser, 1967; Beck, 1975; Marr, 1982; Treisman, 1986) . In addition, Palmer et al. (2003) suggested that visual organization occurs at each level of representation rather than at a single level, and that the organization relies on features extracted from different levels. Thus, the interactive processes between the social and perceptual system enables organization according to various sources of visual information, including the social structure of a visual scene, such that attention could be deployed based on the perceptual units defined by the social relationship among objects.
Indeed, a growing body of research has indicated that vision is more social than expected. On the one hand, the visual system can recover social properties from the physical properties of objects and events. For example, although simple mechanical interactions between objects convey little information, the visual system can infer their social properties, producing strong impressions of animacy (Heider and Simmel, 1944; Scholl and Tremoulet, 2000; Schlottmann et al., 2006) and recovering social structures, such as causality, goals and intentions, from their interactions (Michotte, 1954 (Michotte, /1963 Dasser et al., 1989; Dittrich and Lea, 1994; Gao et al., 2009 Gao et al., , 2010 . On the other hand, social information offers effective cues for lower-level perceptual processing. For example, a gaze cue guides our attention (Langton et al., 2000; Frischen et al., 2007) , and changes in facial expressions influence the causal perceptions of physical events (Zhou et al., 2012) . Furthermore, the present study revealed that even a lower-level perceptual process, such as attentional selection, is affected by social factors. Such effect is not unique to the handshake scene. Rather, it is more likely a common phenomenon that occurs in different social situations. Yin et al. (2013) demonstrated that a cooperative relationship, which was reflected in the dynamic chases, led to attentional consequence induced by the perceptual grouping of cooperative objects. In those cases, social information provides additional cues for the process through which people form effective inferences about the external world structure. More importantly, it reveals that social properties are assigned to visual representations early at the perceptual stages, suggesting that social processing begins to interact with visual perception at fundamental visual processes. The perceptual foundation of subsequent processing is thereby established to understand social structures and interact with other people. For example, if we observe two people talking to each other, we are likely to choose a path around them (rather than between them) when passing by. If these people are treated as a unit from the start at the perceptual stage and attention is deployed accordingly, then the cognitive system will plan a path around them without explicitly considering the social consequences of each possible path. Further studies should be conducted to examine the socialbased attention effects in such real-life situations, applying the cognitive ethology approach (Kingstone et al., 2008; Kingstone, 2009) , in order to generalize the experimental phenomena obtained from controlled lab situation to more stimulus-rich situations.
In addition, further studies are needed to investigate how social information modulate attention. Take the facilitated attentional shift in the handshake condition for an example, there are at least three possible mechanisms 1 of this effect: First, the hands are perceptually grouped due to their social relationship, thus attention automatically spread within the perceptual group, leading to speeded attentional shift between two hands. Second, the handshake display speeds the disengagement of attention from one hand, therefore attention is easier to orient to the other hand. Third, the handshake display may "reset" the attention allocation to direct the focus to the middle of the display, resulting in faster responses in the invalid trials and slower responses in the valid trials, thus the cueing effect is weakened. Those possible accounts need to be tested to reveal the mechanisms of social-based attention modulation in follow-up research.
1 Thanks for a reviewer for pointing out the latter two possibilities.
Differences and Similarities between Social and Non-social Paired Objects
Experiment 4 revealed that the handshake display was similar to other non-social paired objects in facilitating attentional shift between objects-the response to the target present on one object was quicker when the other object was cued. However, they were different in the interference task, that is, the between-object interference occurred in only the handshake condition. This divergence is noteworthy, as it seems that the specificity of the social information included in the handshake display greatly reflects the interference effect.
It has been reported that the familiarity of the stimulus leads to the grouping of objects and consequently affects attention. For example, familiar words (Kumada and Humphreys, 2001) and action relationships (Humphreys and Riddoch, 2007) affect attentional selection, such that one attends to the related objects as a single unit. Our finding extends this line of research, suggesting that the learned social relationship between objects leads to a similar effect. The different behavior in the interference task suggests that it is more difficult to regard the socially related objects as two parts, leading to more difficulty in inhibiting the distractor on one of the objects, compared to the case of nonsocially related objects. At least under the current experimental settings, the interference task may be more sensitive in detecting the specific attentional effect induced by socially related objects. Further study is needed to clarify what and how socially related objects differ from other familiar pairs in modulating attention.
CONCLUSION
In summary, we demonstrated one example, the handshakeinduced attention effects, as the evidence for the assumption that attention deployment can be modulated by the learned social relationships between objects. Generalization of such effects is required to further test this assumption, and to get more evidence to fully understand the role of social information in attention processes.
